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(54) PRODUCTION OF AND PRODUCTION UNIT FOR 
SILICON SINGLE CRYSTAL WITH FEW 
CRYSTAL DEFECT, AND SILICON SINGLE 
CRYSTAL AND SILICON WAFER PRODUCED 
THEREBY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a silicon single 
crystal and a silicon wafer with extremely low defect 
density throughout the crystal by CZ process while 
maintaining their high productivity, along with 
improving the in-plane oxygen concentration distribution 
of the wafer. 



a silicon single crystal being in growth so that the 
contour of the solid-liquid interface in the crystal 
comes within ±5 mm relative to the average of the 
solid-liquid interface except the periphery 5 mm; 
wherein for the value of temperature gradient G 
(temperature change/ axial crystal length) [ C/cm] in 
the proximity of the above interface from 1,420°C to 
1,350°C or from the melting point of silicon to 1,400°C, 
in-oven temperature is controlled so that aG comes within 
5°C/cm {AG=(Ge-Gc); Gc is the temperature gradient in 
the central portion of the crystal [°C/cm], Ge is the 
temperature gradient in the peripheral portion of the 
crystal [°C/cm]}. 



SOLUTION: This method for producing a silicon single 
crystal by Czochralski(CZ) process comprises pulling up 
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^ffijfi^CD 1 4 2 0"C (i>U 3>®BM0 A^1350 
TC©iaifflJaK43ffi*fcf*i'U ni/Gm&frb 1 4 0 0G 10 

(moms/ma (MjmttM/'&mmm&z) vc 
/cm] am*. &&*&w*<ommmG c rc/c 

m] tJgSaiiZZaiJ4)^aR43BBG e DC/ cm] 
AG= (Ge-Gc) T^Lfe^ AG#5"C/cmJ^ 
W4lft5J:-5lC^|«aKS:HZtCj:»JSHafr*ili. VU 

[0 0 4 7] E|4©±^iCj2,<i*l-SJ:-MCAG^5 0 C/ 20 
c mffl H Z IC i3 V vt fc, ESJBSS#^il£"£ tV'J«v 

I 'J <v ^«<0*g||tc 4otl*t\ WfM £ 

[0 0 4 8] ZCDaK^SBOfil^^^fl^caDH^^cl; 

ZvST'te, 09*.t£ Gc = 3 0"C/cm, Ge = 5 0°C 
/cmil-r-Si:, AG = Ge-Gc = 2 0°C/cm©H 

[0 0 4 9] 3.*tfC*fLT, *»W©*iS^l±> 09*. 
li. H7©B®fiailC^e>*lS«fc-5tC, Gc = 3 5'C/ 
cm, Ge =4 O^C/c m^-Si;, AG = G e — G c 
= 5VcmfflHZ-efttJ, Jtitfifttil V ^ft^KTWfiJc 
LTfiU, £©^^©*gfitB«tt, 11 9 (b) (C^L 40 

[0 0 5 0] LfrU Z®WBT?tifia«aLK*9iV^ 

g^ffiffliAG=Ge-Gc55TC/cm5:ffitbtt 
*, fr-3E&4mG (GctGe) ©;££*tfB£;*:£ < L 

[0 0 5 1] r<7)3WRSBI«[l!®«t»J_tffl5fCtftfi 
•r-SgEfCfS^bbfegP^OaS^BBT'^Sil, 1 3 0 0 50 
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lC*»e> 1 0 0 0lC*T?©ffiK«©iBfifia#8 c mOT 

t &s j: e> jaww-t a z. £T*mm?-zz z t fc. 

8 c m«fc y £©filg«jM£#& £um.m&(Dm 

[0 0 5 2] ^5 e>tC, Z©JS#l£5l±tf5§S©Mfre>#- 
KO&IIrfbLfcSftJftCfctTS 1 3 0 0°C^e> 1 0 

£ O fCiWW"*-5 Z £ 7b^^T'fe-5= 8 0 «fc ? 
&^tCj:oT^^^IB©^«^h;*<&y, NflB 

[0 0 5 3] fit, Z.©ie>JCAG£5TC/cmJ^|*I 

tt±2. 5mmJSAfcfcfcoT, Nffig^A&J&RL^ 

[0 0 54] VXt<D£oiZ, *5§^©-rL- h^;i^llgc 

Lttf SrW <b jWC L T £ 3*1 e> £ * i: 
TWc, ^ftcf»©B«EISli5iS§5ffl 1 4 2 0'C^f, 1 3 
5 0"CCDH©iSS^JiS*feli^'J 3XDi,*>f> 14 0 
OiC©RI(DiaS4gSGi:5l±Jfa«SS:iM|SLT, *SH± 
ffi©§l±lf^£^*>i/- (V) • Uv^HIWfcW 
> 4f -X^-f i/T;b ( I ) • D -V ^-fi^ £ © 

*SH©±M5:^fS(5?SS©fi l J©^v^— a-h 

^L-T, zniCj;oT^*?iiS©ffiW^ : fe;«L<afeS 

[0 0 5 5] T^fe, AG£5°C/cmtA|*Ii:U 

@H©*e*fffl£mMffii: ufea^fcfew*, is B i©±ffi£ 

« A G 5 °C / c mat*I i: § J: o lC#*g H ^# £ fffiil? 

£ 5 °C/ c mJ^WtCiK^F Lfe* S^^r tCfiic*^£{ST 

{rF£-t±£ 0 -?-LT, ffi*fc«|gS»S:«Wl^JC<J!J»TL 
TJteft^W felH^tilf. v - y >y ^ £ I - y >y ^ i: ©ra 

[0 0 5 6] z©#^, i/>)ayffiM\zim*:ffl)U-?Z> 

j-Bt^ji^-m (Mcza) ic«fcyAG£5"c/c 

NfI^i:^S3l±limg©3SHA !: j£* ! :oT, $g 
tc#IS^£ Nfl^ci: LT 3 If* ±tf z £ tfnjm£teZ>o 
[0 0 5 7] 

©c z&tc±-g>#iiS B B H 3i±^s©#^J£iii i «k *m 

B^-rs 0 E l Izmir «t -5 tc, 3.ro«ej&§ l±3£K 3 o 
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* 3 2 t. )W#3 2<DRmizWmtStitzt-# 3 4 

K^-V v * 6 fc, i/- «/ * 6 &?|$±{f 
7 >r-zr>l 7 &HI^X«^^^#to 

t±. -?-^7irti/Hil^r>^-/ii -r .a&M* a-/b\ ,->.»■ _ 

fctlT^S. Sfc, t-#3 4©«SHUiK^3 

Ifffi^* 8 fcRtt , -e©±(c±SPH^»»9 

3 2 ©^§ffi£ OD^fC 3 ~ 5 c mOfiglS 1 0 Wtft 

[0059] grRc, 2{cm^S«te>fC5l 
oT. 8K©^££JJMU mB®££«jt&li* 

3 1 &*¥*i&jfc^»jHtf«fce>{cBBg-rnif > msictt 

o© n -f & 5 [_h^ 3 ! (o^s^mmtmmm 
ttui. Ma±*¥£iBj©8g§ amm) jwwnan 

tc3©Mc z ffi v %*u£ Nm&tf&tf y wmm# 
fctf^rimizNigi&mz «t e> tea*. 

[0 0 6 0] 90Z, ±IBH1 ©#|*r B §l_h^B3 OtCj: 

2 |*|T*i/ U 3>®ir^g#*g H B H M»&iiL* GS1420 
°C) RhK3Q»L,TfiM¥t-*. T—7)l7Zmg 

e>#£3* U 5 & 5 |±»fs 3 1 fC «fc »J , Jftg 
IWS 3 £{C J: »J BSRS^©#*g^# 1 zttf 

[oo6i] r©»£, *^t-(±. xmmvmzm 

1 ©SP#&2^889§IID tc^UfcJc^tc, 9Lhtf£3i© 
aSHf±©*»fi 1 *©*KaKfc^ja£ISffca3^T, » 
SB5»©iBfi0«aR*5 1 4 2 or^e> 1 3 5 CC 
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20 



30 



40 



50 



^^>Un>©KL^^i4 0 0TC) £T*©M& V* 

t*PZHz Km^omimsmm 8 * ©±ic 

±SBMWM«r9 «KKLTV^. 3©@M#®^f^ 

5 c mam* i o mttrmmtstiT^z. ±msm 

tC, Z\<D\m&<D±mzffiik£mn'*2>&m;. M*l£& 

[0062] '©=te>(cst®©iifc©&g{cm^©i^ra 

ffi**©T, *S^Miag|5©jag4j@BG e AVJn$ < ij , 
^^^©MS^JiBG c ^©^t;/jN$ < & y, 

mmcom y ©->^ i ^««Tsie»&5f±tf * z t 

[0 0 6 3] *?§^T'ii, 01 2©J;e)tc§[±tf 

^3 1 (DfWKXGS 8 SrSMf *©j&^* U\, 3© 

3&S?:2 0 0 0GJ.Xh, «fc»;»*L<tt3 0 0 0G«± 

tt**?W»»J:y#*U^U 2000G*lT1t 
[00 64] LT^Ig^Tii, fifefe© J: p {C®«(c§| 

■a. Ltf>%, wgmm<DWft&m*imi<ti&u mc 
zsftfflv^jf, ®mmmftfc<&>mmzm,xm&& 

[0 0 6 5] Hi, 01 2©*«w©jpjga5IJ^R«i: 

[0 0 6 6] «±©.fc^c f¥»Cl5iHJUfe7?ffii:^« 

fCMffi&5l±lfe>tlSfc«?), FPD, LSTD, CO 
P. L - S E P ©je^gciat^^v^^^^ f 
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v 15 

[0 0 6 7] z<D£or^yv?2sm£ikfr<bimi;t-i' 

Ua>^i-Atl -t©±fflfCi5v*T, FPD&g#l 
0 0^r/cm2 OTT'fe *J , *»oiM X# 1 0 n m£Lt 
©SEPDg?g#l 0$-/cm2 ^TT*&S^Un>^7 

t, BBfej^f m-r * cfc e> fci§8*IS £/ U n > x 
U>4ftD8^fcv^xw\jt)TO&4T,5. -t&t)*., f£ 10 
[0 0 6 8] 

<33£M 1) 01 lJjKLfe5l±$aB3 0 t». 20^>f 

L, fifl 6 4 >3K 1 0 0 >© >> U n 

Sr^SIJ^aS&l. 0 — 0. 4mm/mi nKjgftS 
■rCSLttffc (¥IS^#OitBM*$^8 5 cm) . £/U * 
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^ymwmw&t 14 2 0'c. wsfrbmftDfflfflrm 

WtmtOTti&T'i*. 4cmfflSritU ^©±{C10 
cmflffS®at«H«ISlffi»B»»S:iBllU »liA^§l± 
lf^#£T*©lS££;i/y#W^£tl$SLT3 Ocm 

[0069] i&B&mwLnw&mcoy u n yorngj? e> 

1 4 0 OtWlBJOffia&fffili, G e = 4 5. 0 [°C/ c 
m] , Gc = 4 2. 0 [t/cm] , AG= (Ge-G 
c) =3. 0 [TG/cm] fCfgjtUfco rrTl#<itl 

fe= ie>lTT^->'J n>#^ H lG)^El7X-/MCO 
SuiBFPD, L-SEPDfcPB©86l£€:(Tofc. 51 

Ell 0 (a) TS>5. 
[0 0 7 0] 
[*1] 



(mn/odn) 


G=Ge- Gc 

rc/co) 


& -m 


FPD 

(/CID 2 ) 


L-SEPD 

(/OB' ) 


0. 8 


3. 6 


V U si ^tfl 


f^lOOO 




0. 55 


3. 6 


N «[ itf 


^2 0 




0. 5 


3. 6 


I 'J v 


^2 0 


^ 1 0 



[007 1] &l<D&mtP'ot>fr&&-5K.* AG#5*C 

*Wu vj^5=-(ct)i u y3=-(c*>&&©T% TKNfK« 

K^J^&SLhtfaKfcSSflLfc (H4«8D . ^© 
0. 5 5 mm/mi n©5l±W*KT?5Lttffc« 

ZtffiVHIt.. -f L"C, 010 (a) fC|ie>*l5«fc3 
- U ^yf-««4 1 ©IBUC&.&N1HS3 9 ©SeHteibgelft 
OSFfI^c4 2tf&*>nz> a 



[0 0 7 2] Sa6W2) 01 2{CjSLfc§Lt^ 

gT% 3 0 0 0 G©7K 5 F^%^lfett-TODLoo$5 B l$: 

#*SHiS/U=l>S:6 OKgft-^U jt#6-f>5\ 

7afi< 1 0 0 >© 5/ U 3 >#Mal# l±3Lffi & 
1. 0 — 0. 4 mm/m i n{:Ift^-ST?l±lf fe. S/ 
U n:/lftiR©»8Mi 14 20'C, »si^e>»R©H«if 

BBfi**t©TS8*T*t±. 4cmffl$^U *<D±\Z 1 
0cmi«S©atKHI|jEISllBWB»*tS:15iBU »®*^e>3l 

±lf^^Jf*T'©lSS5:;i/ % V^^*SS:i^bT3 0 c 

[0 0 7 3] ^©H^Mia^©^'; n>©lfe*^e, 
14 0 0 "C©P5©ffiJS^Ji2li, Ge=45. 0 C"C/c 




m] . Gc = 4 2. 0 PC/cm] , AG= (Ge-G 
c) =3. 0 DC/ cm] fcKfcUfe. ZZT-mibtl 

ft©*?-«:j|fc©#, II 10 (b) t?*S. 

[0074] hio (b) *%zt, mczmtm 

$t, 0. 5 5~0. 5 8mm/m i n{fi5L<D3\±\TiM)g. 

©£&S«, h 
[0 0 7 5] -E-UT, H10 (a) ©;®tCZ&4:*£ 

[0076] 3<z>«fce>tc, tw«:ffiftrr«^isa^Ns® 
[0077] (mm3, mm> aac, hm^wk 

Hl2KjSUfe§|_aSBTf, 2 0^f>f^^ 
tCjS)P4#^^>U3>?:6 OKg^-^U 3 00 0 
GCD^&TODL^^ fifI8^>5% M<10 0 
>®5/U3>J|l|S*KiS:gr±lffc. £/U3>HK0WB 30 
ttl 4 2 0°C, ^®X)^»K©0^ffi|^toTSS* 
T*tt, 4 c m©£Hfc U -e©_L(C 1 0 c mflf 

iH£ iJUvm»mt:9mLX 3 0 c mWRjfeU ±gp 

[oo7 8] mtommm&toi/vziy<m&fr?> 

1 4 0 OVtolBSrt&S&mt* G e = 3 2. 6 [TC/ c 
m] , Gc = 30. 5 [t/cm] , AG= (Ge-G 
c) =2. 1 [TC/cm] IC«j£Lfe. fWci/'Jn 

*JfcR#fa^©i»R^©3Wt©t^&jafc©#, @i 

1 (b) (mmm3) . 3©#£, &£4>©iatt 
fee 

[0079] -* mmwmmimis£zy±®mmwm 
ttzwit-ru *©te©*#tt±ffi£H--icLT, 3 

fiS^BBti. Ge = 63. 5 [TC/cm], Gc = 3 50 
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0. 4 [t/cm] . AG= (Ge-Gc) =33. 1 
[TC/cm] fCgggLfe. ff?>tifei/U3>#iga»s 

®sft*aKs«^ffc®aB-s:Mfe©^, urn (a) 

6 CJtRM) o 3©#£, i^B e 0*©@M#®©76mti, 
MiZ5mm*m^TmM9m<D¥imizML± 1 0 mm 

[0 0 8 0] 01 1 (a) TmWK£K 

mmmm.<nmi! tit. »12~20 mmC5&iailT*{f « 

[oo8i]-*, (b) -etdaaffiBs^. sekcD«f/t> 

0-3 mmODfi^MT«toT J: < -St l/T V >S 3 4: 
tt. IgfiStSI?® A^PSf fc $ tlfc 3 £ ^jRlftS fe© 

[oo8 2] ^fe, ±iBH^ffitcp^$n 
u mm&ttm$mzm?z>%(D\*. ^ 

30 [0 0 8 3] ±K9tai9K«K:feV^T»*. ttfS6 

(cpse 3 tlS%©T'tt^<, *^^K9MfS:mSD 
t ^> ©fffiOM C Z -m C =b® ffl X' § 5 3 £ ( ttt o * T 
10 /&l\„ 

[0 0 84] 

[»W®5!ft»] «±SiWbfc«fc^K:, #JW!K:j:y, c 
Z& MCZj£tCJ:oT«Bia*l*i/'j3>#JgacDF 

pd, l-sepd, cop^d^d- fy^Kkm^ 
3 1 «: < , x-/>£jg#jfi^fcpg© u zi >#^± B ^ 

0 [01] CZ^C«i:^*^©^ B ^l±^gcD«EBg^ 
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[02] czm\z&&mt<Dm£&3\±gm(Dim®ffl 
[S3] *^®fgA&jtaaft&, ^ifH?e#ffijfifii 

[04] *98<8<Z)i@&%&I£&, ^*@?g#®ia«i 
0T'&S„ 

[05] *«W©H?filSiBjS«tCfeWS, »*JlBi!l5£ 10 
&g£^LfcSi9!0T*fcS„ 

[E7] *miai£&j&53mt:. ms^wsmmsm 
%m tarn i>xm 3 & «t u j^mm*-?- * Lfeswa 

0T-&S., 

[08] *^<0lfflBM»Ittfc, IMWBIftHiB&fg 
<7>&g£Jl2£5l±tf 0&K) »Si:<Z)B8«-eH4S:«fcy 

[09] *^®&ji&g9a|&. *SH#®8&#ii®i£& 

<Dimmx7xLt=.w9imxibz. 



mm 4#BPF 1 1 - 7 9 8 8 9 

20 

(a) ifi&fcjSlC J: 

(b) :#!6WCj:S£®Nff*gc$:aVt„ 

[010] 36i6MK:fcW$*g^R#fflT(^J&fcK<& 

(a) -.mmmi (cz© , 

(b) :|Qg^|2 (MCZm) . 

[011] IISgM3feJ:t>*itK«^^fg?fiJ^*0 

(a) :JtKM. 

(b) :g|fi&0g3. 

[01 2] MCZ?£(Cj:^fg^cD#IS B B B 5l±iS«©« 
[^<D^] 

i -*fifli»g*. 2-*/v nyjm* s -mm. 4 -a 

5 6-*/-K*"V?*. 7 

8-H«#lBWg»**, 9 -±SPB§lBftj«tf#, 10 

•••»®iiH«i?-iswa»tri^fc<oi»ra. so-j|«gft3i 

±I£S, 3 1 -SIJttfK. 3 3 3-;i/^ 

#fm 34-t-*, 3 5 -mm. 36-mam 

S, 3 7-SSffl& 3 8-SB5, 3 9-NM 4 0- 
V-'J^fM 4 1-I-U>vfli. 4 2-OSF 



[01] 



[02] 



(13) 1 1 - 7 9 8 8 9 



[09] [H10] 




[Ell 1] 





20 30 40 
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[Hi 2] 
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cmmm km e= mm* m mi 



